Background: The role of dietary habits on esophageal cancer risk has been rarely considered in terms of dietary patterns.
introduction
Esophageal cancer is the eighth most common cancer worldwide and the sixth most common cause of death, accounting for 386 000 deaths in 2002 [1] . In Western countries, tobacco smoking and alcohol drinking are the major recognized risk factors for esophageal squamous cell carcinoma [2] . Among other risk factors, dietary habits have been suggested to have a role on this cancer [3] . In particular, studies on single foods and nutrients have found a beneficial effect of nonstarchy vegetables, fruits, and foods containing betacarotene and vitamin C [3] .
Previous analyses on our data have shown a positive association between esophageal cancer and milk, soups, red meat, and butter and an inverse relationship with white meat, fish, raw vegetables, fruits, and olive and seed oils [4] . Considering micro-and macronutrients, inverse relationships with beta-carotene, vitamin C, vitamin E, vitamin B6, and a positive association with retinol were found in our data [5] .
Other analyses on a priori dietary patterns in our data have shown a beneficial role of diet diversity [6] and Mediterraneantype dietary profiles [7] .
Since dietary components are consumed in combination, they are usually highly correlated and thus the specific effect of each food or nutrient may be difficult to identify and can be partly confounded by the effect of other dietary components. The use of factor analysis has been recently proposed to identify combinations of dietary components (such as food items, food groups, or nutrients), representing comprehensive dietary profiles [8, 9] .
To further contribute to this issue, we applied an exploratory principal component factor analysis (PCFA) on selected minerals, micro-and macronutrients, to obtain a posteriori dietary patterns in an Italian case-control study on esophageal cancer.
materials and methods design and participants
A case-control study on esophageal cancer was conducted from 1992 to 1997 in the provinces of Milan, Pordenone, and Padua, in northern Italy [4] . Cases were patients admitted to the major teaching and general hospitals in the areas under investigation with incident (diagnosed within 1 year before inclusion in the study), histologically confirmed squamous cell cancer of the esophagus, and with no history of cancer. No information was collected on disease stage. A total of 304 patients (275 men and 29 women; median age 60 years, range 39-77 years) were included in the study. The overall sex ratio of esophageal cancer in Italy, for the middle age mortality, was 1:6 [10] . In the areas under surveillance, however, alcohol drinking was particularly high, thus leading to an extreme sex ratio. Controls were subjects living in the same geographical areas and admitted to the same hospitals for a wide spectrum of acute non-neoplastic diseases, unrelated to tobacco smoking, alcohol drinking, or long-term modifications of diet. Controls were matched to cases on age (in quinquennia), sex, period of interview, and area of residence. To compensate for the rarity of esophageal cancer in women, a control-to-case ratio of about 5 was chosen for women and of about 2 for men. In the control group, 743 subjects (593 men and 150 women; median age 60 years, range 36-77 years) were included. Twenty-nine percent of the controls were admitted for traumas, 36% for other orthopedic conditions, 12% for acute surgical diseases, and 23% for other illnesses. In the absence of cancer registration in the areas under consideration, we had no information on the overall proportion of cases recruited. However, <5% of both cases and controls refused to participate to the study. Over 85% of cases and 80% of controls were interviewed within 3 months since diagnosis.
A structured questionnaire was administered to the participants during the hospital stay by centrally trained interviewers, attending periodically the hospitals in the areas under investigation. Cases and controls were interviewed by the same interviewers under similar conditions. The questionnaire included information on sociodemographic characteristics, personal medical history, anthropometric measures, and life-style habits, including tobacco smoking and alcohol drinking. A validated and reproducible food frequency questionnaire (FFQ), including 78 foods and food groups, was used to assess patients' usual diet in the 2 years before diagnosis (for cases) or hospital admission (for controls) [11, 12] . Mineral, macro-, and micronutrient intakes were calculated using an Italian food composition database, integrated with other sources when needed [13, 14] . The study was approved by the local ethic committees.
statistical analysis
We conducted the analysis on a selected set of 28 minerals, macro-, and micronutrients, based on both cases and controls. Exploratory PCFA [15] was performed on the correlation matrix of the original nutrients to identify a few underlying unobservable and random varying factors that are generally known as dietary patterns. We standardized the original absolute nutrients before carrying out the factor analysis in order to avoid problems related to the use of different measurement units and amounts of intake. We preliminarily evaluated the correlation matrix to determine whether it was factorable through both visual inspection and statistical procedures, including Bartlett's test of sphericity, Kaiser-Meyer-Olkin measure and individual measures of sampling adequacy [16] . We chose the number of factors to be included in the analyses considering the following criteria: factor eigenvalue >1, scree-plot construction, and factor interpretability [15] . We applied a varimax rotation to the factor loading matrix to obtain a simpler loadings structure and improve the interpretation. Nutrients with an absolute rotated factor loading ‡0.63 on a given factor were used to name the factor and are indicated hereafter as 'dominant nutrients' [17] . We calculated the factors scores using the weighted least squares method. Factor scores indicate the degree to which each subject's diet conforms to one of the identified patterns.
To examine the robustness of the identified dietary patterns, we carried out some complementary analyses. First, we performed a principal axis factor analysis and compared these results with those of PCFA. Second, we calculated factor scores by applying the multiple regression method and standardizing the results [15] . Third, we performed PCFA separately in men and women. Fourth, to further confirm the internal reproducibility of the identified patterns, individuals were randomly placed into one of two equally sized groups and PCFA was repeated in each subsample according to the same approach of the main analysis.
Given the robustness in the patterns identified by these complementary checks, we calculated factor scores in all the subsequent analyses using results from the overall PCFA and applying the weighted least square method.
To assess the reliability and refine the identified factors, we evaluated the internal consistency of those nutrients that loaded ‡0.40 on any factor using the standardized Cronbach's coefficient alpha [16] . This measure of reliability represents the proportion of total variance in a given factor that can be attributed to a common source. We calculated coefficient alphas for each factor and coefficient alpha when item deleted for each factor and for each nutrient with a loading ‡0.40.
Moreover, to facilitate the interpretation of the identified patterns, we calculated the Spearman rank correlation coefficients between the continuous factor scores derived from the main PCFA and the weekly number of portions of 29 selected food groups defined on the same data.
risk estimates
For each factor, participants were grouped into four categories according to quartiles of factor scores among the controls. We estimated the odds ratios (ORs) and the corresponding 95% confidence intervals (CIs) for each quartile category using unconditional multiple logistic regression models [18] . We fitted both separate models for each factor and a composite model that included all the factors simultaneously. Test for linear trend were computed for all these models using the within category medians calculated among the controls. We included in each model the following potential confounding variables: age, sex, study center, education, alcohol drinking, tobacco smoking, and body mass index.
We performed most of the analyses using SAS software, version 9.1 (SAS Institute, Inc., Cary, NC). We used the open-source statistical computing environment R [19] to carry out Bartlett's test of sphericity, to calculate factor scores through the multiple regression method, and to carry out PCFA in randomly selected equally sized subgroups.
results
The correlation matrix resulted suitable to factor analysis. All the nutrients showed at least 10 correlation coefficients >0.30 in absolute value, thus allowing us to carry out the analyses on the whole set of selected nutrients. Table 1 shows the results on the statistical procedures for matrix factorability. Bartlett's test of sphericity allowed to reject the null hypothesis that the correlation matrix is an identity matrix (P < 0.0001). The Keiser-Meyer-Olkin statistic was >0.80, suggesting that we had an adequate sample size relative to the number of nutrients. The individual measures of sampling adequacy were generally very high, with 26 nutrients having measures ‡0.70. Table 2 gives the factor loading matrix for the five retained factors, hereafter named dietary patterns. These patterns explained about 80% of the total variance of the original nutrients, accounting for about 25%, 15%, 15%, 13%, and 11%, respectively. The greater the loading of a given nutrient to one factor, the higher the contribution of that nutrient was on that factor. Thus, the first pattern named 'animal products and related components', had the greatest loadings on calcium, phosphorus, riboflavin, animal protein, saturated fatty acids, cholesterol, and zinc. The second pattern, named 'vitamins and fiber', had the greatest loadings on vitamin C, total fiber, betacarotene equivalents, soluble carbohydrates, and total folate. The third pattern, named 'starch-rich', had the greatest loadings on starch, vegetable protein, and sodium. The fourth pattern, named 'other polyunsaturated fatty acids and vitamin D', had the greatest loadings on other polyunsaturated fatty acids, vitamin D, and niacin. The fifth pattern, named 'other fats' had the greatest loadings on linoleic acid, linolenic acid, and vitamin E. Table 3 shows the values of the Spearman rank correlation coefficients between continuous factor scores derived from the main factor analysis and 29 selected food groups defined on the same data. The naming of the factors based on factor scores was consistent with the results coming from this table. Table 4 presents the ORs and corresponding CIs for esophageal cancer according to quartiles of factor scores for the five retained dietary patterns. Results refer to the composite model including simultaneously all the five patterns and major confounding and risk variables as well. We observed an increased risk of esophageal cancer for the 'animal products and related components' pattern (OR = 1.64, 95% CI 1.06-2.55, for the highest versus the lowest quartile category of factor score) and an discussion Our analysis identified five major dietary patterns that explained about 80% of the total variance in the nutrient intakes of the population under investigation. The 'animal products and related components' pattern was positively related to esophageal cancer risk. The 'vitamins and fiber' and the 'other polyunsaturated fatty acids and vitamin D' were inversely related to esophageal cancer, while no relationship with this cancer was observed for the 'starch-rich' and the 'other fats' patterns.
To our knowledge, no study on esophageal cancer derived dietary patterns from nutrients and only three studies considered the role of a posteriori food-based dietary patterns [20] [21] [22] . In an Uruguayan case-control study conducted on squamous cell carcinoma, four major dietary patterns were identified through factor analysis [22] . The 'traditional' pattern, based on boiled meat, grains, and cooked vegetables, was unrelated to esophageal cancer risk. The 'healthy' pattern, based on white meat, fruit, and tea, and the 'high fat' one, based on cheese and butter, were inversely related to esophageal cancer risk. The 'drinker' pattern, based on beer, wine, and liquors, was positively associated with esophageal cancer. In a population-based case-control study conducted in Sweden, three major dietary patterns were found through factor analysis [20] . The 'healthy' pattern, based on vegetables, tomatoes, fruits, fish, and poultry, was inversely related with squamous cell carcinoma of the esophagus-though the relation was not significant. The 'Western diet' pattern, based on processed meat, red meat, sweets, high-fat dairy, and high-fat gravy, decreased the risk of esophageal squamous cell carcinoma, though this relation was not significant. The 'alcohol drinker' pattern, based on beer, liquor, and French fries, was associated with an increased risk of squamous cell carcinoma of the esophagus. In a case-control study on esophageal adenocarcinoma, six major dietary patterns were identified with a cluster analysis [21] . The first one represented healthy foods and derived energy mainly from fruits, vegetables, and cereals. The second pattern was high in meat and low in fruit and cereals. The other four patterns were characterized by high-energy foods, including respectively salty snacks, desserts, milk, and white bread. The 'high meat' and the other patterns characterized by high-energy foods had increased risks for esophageal adenocarcinoma as compared with the 'healthy' pattern, although none of the associations was significant.
To our knowledge, no study was conducted on esophageal cancer considering a priori dietary patterns, with the exception of the two papers on diet diversity and Mediterranean diet scores published from our group [6, 7] , showing reduced risk for increasing diet diversity and Mediterranean diet scores.
Since no other study examined the role of nutrient-based dietary patterns on the risk of esophageal cancer, the only available possibility of external comparison is provided by food-based dietary patterns. Our 'animal products and related components' pattern was correlated with foods of animal origin, including cheese, milk, eggs, and red meats (see Table  3 ). This pattern may share some components with the ones from the Swedish case-control study, where the 'high meat' and the 'high milk' clusters had increased risks as compared with the 'healthy' one [20] . In the other two available studies [21, 22] , foods from animal origin loaded highly on more than one pattern, and those patterns included different foods as well, thus making it difficult to have a comparison. Our 'vitamins and fiber' pattern was correlated with foods of vegetable origin including citrus and other fruits and several types of vegetables, while the 'other polyunsaturated fatty acids and vitamin D' pattern was correlated with fish, white, and red meat, and both patterns were inversely related to esophageal cancer. These results may have some similarities with those for the 'Healthy' and 'Western' patterns identified in the Swedish case-control study [20] , which showed a borderline decreased risk, as well as with the 'traditional' and 'Healthy' patterns found in the Uruguayan study [22] , which were protective against esophageal cancer. An important difference between the present and other studies is that the latter identified a 'drinker' pattern positively related with esophageal cancer. We decided to exclude alcohol from our set of nutrients since we preferred to consider it as an independent risk factor, given its known positive association with esophageal cancer risk [23] . We therefore carefully adjusted for alcohol drinking in all the analyses.
As an internal comparison, the present results are consistent with previous findings on the same data that showed a beneficial effect of diversity within vegetables and fruit [6] and of a Mediterranean-type dietary pattern [7] . Although not surprising, it is reassuring that a posteriori dietary patterns confirmed results obtained from a priori ones [24] . Furthermore, in a companion study on gastric cancer [24] , the 'animal products' pattern (similar to our 'animal products and related components' one) was directly related and the 'vitamins and fiber' one was inversely related to risk, suggesting similarities in dietary correlates of esophageal and gastric cancer risk.
Factor analysis is the major method used to derive a posteriori dietary patterns in studies on the relationship between diet and cancer [25] . In the current work, we used some statistical procedures to assess the factorability of the correlation matrix [15] . Overall and individual measures of sampling adequacy resulted satisfactory, thus reassuring us on the applicability of factor analysis in our data. As compared with the traditional approach of analyzing single foods or nutrients, factor analysis allows to investigate the relationship between dietary habits and cancer accounting for complex interactions between dietary components that end up in multicollinearity problems. Moreover, it provides a more comprehensive picture of the overall dietary behavior of a given population and directly solves problems of multiple comparisons, which affect single-nutrient approaches.
Limitations of factor analysis may arise from the subjective decisions involved in the definition of dietary patterns, including the number of factors to retain, the type of rotation (if any), and the interpretation and naming of the factors. However, in the current study, a series of analyses suggested that the identification method is both stable and robust.
This work has some limitations and strengths of hospital-based case-controls studies. In general, hospitalized patients may have different dietary habits as compared with the general population. However, we did not include in the control group patients with diseases related to long-term dietary modifications, alcohol drinking, or tobacco smoking. Moreover, the comparable catchment areas and the high participation of cases and controls should have reduced possible selection biases. Other strengths include the use of a reproducible and valid FFQ [11, 12] and the allowance for major potential confounding and risk variables, including alcohol drinking and tobacco smoking. 
